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Project Objective
Determine which parameters (land use, habitat, and 
water quality) are the most significant and have the 
ability to predict macroinvertebrate metrics
Macroinvertebrate Indices
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•Biological integrity- supporting and maintaining a diverse 
community close to that of the natural conditions
•Hilsenhoff Biotic Index (HBI)
•Summation of the products of a taxon’s abundance and its tolerance value
•Increased HBI represents increased perturbation
•Detection of organic pollution
Macroinvertebrate Indices, continued
• Richness
• Count of all non-excluded taxa for a sample
• Simplest measure of biodiversity within a certain areas
• Considered the most basic community index
• Increased richness represents decreased perturbation
• EPT Index
• Abundance of macroinvertebrate from the insect orders of 
ephemeropteran, plecopteran, and trichopteran
• More commonly referred to as mayflies, stoneflies, and caddisflies
• EPT are considered intolerant of poor water quality
• Increased EPT Index represents decreased perturbation
Land Use
• Watershed Land Use
• Increases in urban and agricultural land use and decreases in forests 
and wetlands resulted in diminish biota
• Wetlands provide a sink for sedimentation and increase biological 
integrity
• Importance of preserving forested lands (ability to naturally filter 
contaminants)
• Riparian Land Use
• Well designed riparian buffer includes
• Natural forested land with low level plants
• Surface debris with no bare soil or imperviousness
• Increase stream shading and bank stability
• Improved infiltration conditions and reduces instream flow
• Acts as a “natural filter”
• Reduces contaminant sheet runoff and sedimentation
Water Chemistry and Habitat Parameters
• Water Chemistry
• Only represents one instance in time (results could be average or 
extremes)
• pH, temperature, specific conductivity, total dissolved solids, and 
dissolved oxygen
• Habitat Parameters (Rapid Bioassessment Protocol)
• EPA Protocol
• Qualitative assessment of habitat conditions converted to a 
quantitative rating
• Bank stability, bank vegetation, bank vegetation zone width, 
embeddedness, epifaunal substrate, frequency of riffles, instream 
cover, channel alteration, and channel flow status
Methodology and Approach
• Database
• Water quality (MA-DEP)
• Physical habitat parameters (MA-DEP)
• Macroinvertebrate metrics (MA-DEP)
• Land use classification (need to obtain from GIS)
• Riparian area (100ft riparian buffer)
• Watershed area
• Combine data and relate locations
• Valid reasons for eliminating locations from being related to each other
• Fork in streams, dams, location of discharge facilities, distance 
between points greater than 1- kilometer (stream length), and sample 
date
• The disparity in the sample date for the water quality and the 
macroinvertebrate data was not greater than 30 days but was 
primarily within one week of each other

Accuracy of Watershed Delineation
• Did ArcHydro/Spatial Analysts perform well in delineating 
watersheds?
• 10 Sub Basins from Charles River Watershed
• MassGIS vs GIS Delineated Watersheds
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Principal Component Analysis
•Principal Component Analysis (PCA) is an orthogonal linear 
transformation that reduces multidimensional datasets to lower 
dimensions for analysis.
•PCA produces linear combinations of independent variables 
that are used to calculate a single dependent variable
•PCA program within MATLAB
•First PCA Run was performed on 15 dependent variables 
(macroinvertebrate metrics) using each category of 
independent variables (watershed land use classification, 
riparian area land use classification, habitat parameters, and 
water quality)
Principal Component Analysis
•Dependent variables that had high R2 values from 
first PCA run were used for second PCA run (HBI, 
Richness, and EPT Index)
•Two scenarios used for second PCA run
•Log (Independent Variable + 1) stabilize the variance of 
the independent variables
•No transformation of independent variable
Principal Component Analysis
•Second PCA run was performed on 3 dependent variables 
(macroinvertebrate metrics) using the highest absolute value 
coefficient variables
•3 watershed land use classification variables 
•3 riparian area land use classification variables 
•4 habitat parameters variables 
•1 water quality variables
• Some of the lowest absolute value coefficient variables were 
removed
• Try and reduce the number of independent variables while 
maintaining at least a 95% variance, and improving the R2 
value.
 
• 5 most significant independent variables for each dependent variables
Principal Component Analysis
Second Run Results
 HBI EPT Index Richness 
Nat. Land/ Undisturbed 
Vegetation-RA 
Nat. Land/ Undisturbed 
Vegetation-RA 
Nat. Land/ 
Undisturbed 
Vegetation-RA 
Nat. Land/ Undisturbed 
Vegetation-WS 
Nat. Land/ Undisturbed 
Vegetation-WS 
High Density 
Residential-WS 
Channel Alt. High Density Residential-WS Water-RA 
Epifaunal Sub Bank Veg. Protect.-RB Crop Land-WS 
Significant 
Variables 
Commercial-WS Bank Veg. Protect.-LB pH 
# of 
Variables 
12 variables and no 
transformation of 
independent variables 
10 variables and Log (EPT 
Index +1) of independent 
variables 
11 variables and no 
transformation of 
independent variables 
R2 0.625 0.639 0.526 
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Principal Component Analysis
Second Run Results
HBI vs. Percent Natural Land and Undisturbed Vegetation-Riparian Area
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Principal Component Analysis
Second Run Results
EPT Index vs. Bank Vegetative Protection-Right Bank
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Principal Component Analysis
Second Run Results
Richness vs. Percent Natural Land and Undisturbed Vegetation-Riparian Area
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•Polynomial regression analysis methodology (Makarenkov & 
Legendre, 2002)
•Assuming species and environmental relationships to be linear is
unrealistic
•Complex relationships relate changes in species assemblages 
to environmental variables.
•No explicit rationale why species linearly relate changes in 
species to environmental variables.
•55 total observations (45 calibration and 10 validation)
•Reduced collinearity of independent variables
•Centered on their means
Polynomial Regression Analysis
 
•Test of significance
•1000 permutations were performed and a P-value was calculated to 
determine the significance of the results
•P value < 0.05 (Makarenkov & Legendre, 2002)
•Ecological datasets a lower P value is recommended since there is spatial 
autocorrelation in most ecological datasets (Legendre, 1993)
Average P-values Using 45 Observations After Multiple Model Runs
Polynomial Regression Analysis
Dependent 
Variable No Transformation of D.V. Transformation of D.V. 
HBI 0.001 0.001 
EPT Index 0.001 0.001 
Richness 0.011 0.021 
 
 
•Calibration Run Results
•5 most significant variables from PCA were used in polynomial analysis
•Multiple runs were performed and the best results are shown
•Not a significant difference between HBI and Richness using a 
transformation or not
•EPT Index shows high goodness of fit
R2 Values for Model Runs Using 45 Observations
Polynomial Regression Analysis
Results
 
Dependent 
Variable No Transformation of D.V. Transformation of D.V. 
HBI 0.66 0.68 
EPT Index 0.71 0.79 
Richness 0.51 0.50 
 
Polynomial Analysis
HBI-Results
R2= 0.68
Polynomial Analysis
EPT Index-Results
R2= 0.79
 
Polynomial Analysis
Richness-Results
R2= 0.51
 
•Validation of Analyses
•Confirming and validating the initial calibration runs and analyses
•Plotted against the same calculated polynomial regression equations 
developed
•Cross Validation
•Difference between the calibration R2 and the validation R2
•Smaller the difference between the two R2 values indicates that the 
polynomial regression equation has the better ability to predict new 
observations
Cross Validation R2 Value Difference
Polynomial Analysis
Validation
Dependent 
Variable No Transformation of D.V. 
Transformation of 
D.V. 
HBI 0.61 0.39 
EPT Index 0.18 0.41 
Richness 0.15 0.10 
 Conclusions
•Watershed Land Use
•Nat. Land/ Undisturbed Vegetation
•High Density Residential
•Crop Land
•Commercial
•Water Quality
•pH
•Riparian Land Use Area
•Nat. Land/ Undisturbed Vegetation
•Water
•Habitat Parameters
•Channel Alteration
•Epifaunal Substrate
•Bank Vegetative Protection
Most Significant Variables
Polynomial Analysis
•Results statistically significant
•Ability to predict EPT Index and Species Richness
•More observations
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